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PREFACE 

In the last decade the colloidal state ol mattei, or, 
m other woids, substances in the colloidal state, (m 
conti adistmction to those in the amorphous or 
ciystalloidal) have come to the front technically and 
scientifically. 

This legion of woik covers a veiy wide field, 
inorganic and organic chemistiy, physics and physio- 
logy ; m all these branches knowledge of this kind 
has proved fruitful, and will do so still more 
«^But the scope of this field must be extended still 
further , technology and agncultuie, mineralogy and 
goology feel its effects ; and since spontaneous gene- 
nffcion must presumably be sought in the colloidal 
state, modem natural philosophy cannot pass over 
this line of division between the monistic and dualistie 
conceptions of the umveise without taking up a firm 
position here. 

So this subject concerns everyone who is not 
opposed *to, or ignorant of, modern natural science, 
whether he is a technologist, mdustiialist, chemist, 
physicist, -*foiestry woiker, piactical doctor, physio- 
logist or natural philosopher, it will lead to woik 
yielding splendid fiuit, and perhaps to the latent 
seciets of nature still to be disclosed. This pamphlet 
is written for geneial orientation m this field. 

PAUL KOHL AND. 
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The significance m nature, as m technology anil Historj oC 
agiicultuie, of colloidal substances, or beltei, sub- Colloids 
stances in the colloidal state, lias fiist been made clem 
dmiimthe last ton yeais. 

Siro-jtances in the colloidal state noro certainly 
employed in the eailier stages ot human cultuie, e.tj , 
as adhesives , it is now known that the old Egyptians 
used substances such as starch and dextim m the dyeing 
of matenals, and tlio Chinese allowed their clays and 
porcelains to decompose, to increase the colloidal sub- 
stances in them and to raise the degree of plasticity. 

But till the timo mentioned the inteiest of scientists 
*vvas essentially confined to the substances which 
atti acted attention by then colouiless or splendidly 
colouiod ciystal forms, and by their encigy ot cijstal- 
hsation weio easily snsceptihle to reseat oh. 

In this connection it must he remembored that since 
Lavoisier and the commencement ol scientific chemistry 
moie than a colitiuy ago, much gioater difficulties have 
anseu and still lemam m the investigation of substances 
m the coMouhil state than in crystalloidal bodies 

And yet it must be recognised that matter m the 
colloidal stato physji, much gicatci pait m liatuic, and 
‘logically also in technology, than has hitheito been 
ascribed to it 

In Geimauy, dining the peaceful years of the sixties 
of the last centuiy, the single branches of the so-called 
mental sciences weie puisued to full development, in 
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England, on the contiaiy, the natuial science?* 
triumphed , • 

In 185!) Danvin published Ins fundamental Work Vu 
the Origin of Species ; in 1856 Peilcm piepaiod tile 
fiist aniline dye fiom tai, mauvenie, a beautifully^ 
colouied substance m the crystalloidal state. 

At that time men began to occupy themselves 
scientifically with substances in the colloidal state 
Thomas Graham, m the years 1861 to 186i, 
was the discoverer of the charaetenstic properties of 
substances m the colloidal state ill silicic acid, au 
moi game colloid , he added bydiochlonc acid to a 
solution of sodium silicate contained in a diulyser (a 
vessel enclosed by vegetable paichment papei), and 
obseived that the ciystalloidal salt, foimed by the 
decomposition of tlieso substances, diffused through the 
membiane into the vessel beneath filled wiffl^puie 
vatei, but the silicic acid, scpaiated m thG colloidal 
state, dicl not possess this property. The piocess of 
dialysis was discovered 1 

With the assistance of an idea borrowed from 
mechanics an explanation is easily found foi this 
phenomenon , in the light of the molecular, and furthei 
of the ionic hypothesis, it is easy foi the molecules 
and ions of the sodium chlondc to diffuse through the* 
membiane, while the laiger colloidal molecules of the 
silicic acid are held hack. 

Gialiam 2 quito conectly distinguished between the 
crystalloidal and colloidal state of mattei , it was 
later in chemical text-books and Jiandbooks that this 
conception suffeied displacement, m Si at tlm line of 
distinction was diawn between crystalloidal and 
colloidal substances • 

This classification must now be consideied invalid, 
since for each subbtance both the ciystalloidal and 
colloidal state is assumod. A very huge numbei of ' 


1 Dialysis was nlieady known two jeais earlier, lint not in this 
definite scientific manner 

■i Li, duy’s Ann 121, 1, 1SG2 
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“ill organic bodies, which were lntbeito known onlv m 
tli£ ciystallontal state, have alieady been prcpaied m 
tile colloidal, o g , almost all metals and metalloids , of 
tilts latter, perhaps only led phosphorus and iodine 

e lacking. 

To these must be added their simplest compounds, 
the oxides, sulphides, and chlondes Also diffeient 
caibonates, chiomates, phosphates and sulphates have 
Ufeen obtained in the colloidal state , further, dyes, 
such as indigo and benzopurpurin, and organic sub- 
stances, such as caiamel and glycogen. All those 
bodies aie known both m the crystalloidal and colloidal 
state. 

Even substances which weie bitheito assumed to 
possess a maiked crystalloidal character, as heavy spai, 
barium caibonate , 1 gypsum , 2 common salt and sylvme, 
can lfe~tiansloimed into the colloidal state 

Fuither, gelatinous gypsum is obtained by the 
addition ol alcohol to natural or aitificial sea-water; 
zoologists may decide vliethei this colloidal gvpsum is 
identical, as Mobius has observed, with the Bathybius 
JJaeckelii (E. Haeckel, “ Natural History of Cication ”), 
the pumitive slime-life of the gieatest sea-depths, which 
inhabits these depths in the foim of naked clumps of 
"piotoplasm and slime-nets 

Anothei senes of substances is as yet known almost 
wholly in the colloidal state ; the most impoitant 
oigamc substiflices, such as the proteins, belong to this 
class. 

Inoigamc subgtancts of this kmd aie the hydioxules 
of many metals and metalloids, also dyes, such as 
molybdenum blue, purple of Cassius, Piussian blue and 
coppei fePiocyauide 

The most important oigamc substances m the 
colloidal state aie ^aieb, dextrin, mulin, tiagacanth, 
tannm, the latex of Castilloa plastica, catechu, gum, 
lubber, sumach , also, of great importance, glue and 

1 Zt f Chon u Inil do lvoll I, 16(i, l‘)0(, 

2 P Itohlmid, Zt fill Auorgnnisuhe Clieime, fil, 20(1, 11)10 (The 
lIjdiosnlphntLS and Sulphates oi Buium and Calcium ) 
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gelatine, derived fiorn mammals (gluten), from lishetf' 
(. Ichthyocollu , isinglass), and fiom plants (agai-agaj,) , 
caseins and albumins (ovalbumin, seriuualbumih, 
haemoglobin) ; finally, liivertm, emulsm, trypsin 
(enzymes), bactena-]ellies, and cell-piotoplasm belong, 
to this class. 

Chioiin- Coneeimug the cbronological ordei m which diffeicnt 
logical substances have been obtained in these states, the sub- 
0lll( ‘ r stances of more simple stiuctuie, such as comnKBi 
salt, gypsum, lead chlonde, were first known in the 
ciystalloidal state, and have been piepared in the 
collodial state moie lecontly. Exactly the leverse 
holds foi the substances of moie complicated structuie, 
such as staich, gelatine, albumin, etc 

These wcie fiist known m the colloidal state, and 
only quite lecently have they been obtained crystal- 
line, c r/., white of egg. Also in the piotem or the 
tuikey-lien’s egg an albumin has been found which 
is crj stalline, and which answers to the foimula 
O2B8H422NG8O88S8, and is piobably isomeiic WAtli the 
crystalline egg albumin 1 

It is now fauly ceitain that the ti ansfoimation of 
probably almost all substances from the ciystalloidal to 
the colloidal state can he effected, yet the level so 
pioblcm, the piepaiation in the ciystalloidal state of 
substances pieviously only known 111 the colloidal, has 
been hitheito little attacked. 

A very large part of the class of substances Ceie 
named colloids occuis m nature; m the inorganic king- 
dom, at all events at the present? time, the crystalloid 
foim piepondeiates; in an eailiei epoch colloidal foims 
veiy piobably piedominated. In the oig'amc kingdom 
will be found the chief repiesentatives of substances 
in the colloidal state, the starch and albumins of 
plants. ^ 

Formation The sun thiows down heat on the gieen-foliaged roof 
° f Conoids of the beech- wood; the an shimmers and glitters 
m a me a j m0 gt m silence between the blanches , only tlie 


1 Jomn Buss Phys Chem Ges 88, 597, 1900 
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l *whuniig flight of insects vibrates through llie heated 
atmosphcie • Behind this uetwoilc of wood a gieat 
aft*d mystenous process is being consummated The 
gl-een leaves of the beeches do not he m di earning lest, 
^mystenous foices aie borne to them in the quivering 
sunlight, a stieam of an which cauios caibomc acid 
gas rustles steadily acioss them and into them by 
then decomposing action 

In the leaves occuis the decomposition of caibon- 
dioxide into its component substances caibon and 
oxygen , the two elements aie torn apart by the tians- 
vorsally oscillatory ethei waves and the chlorophyll 
particles in the single cells of the loaves themselves. 
A wondeiful manufactoiy is established m the leaves, 
which m a way yet unknown conducts this sepaiation 
by means of ladiant eneigy and chloiophyll, returns tho 
fiee oxygen to the air, and woiks up the caibon to 
substances m the colloidal state, especially to staich. 

Now the heat of combustion of staich to carbon- 
dioxide and watei amounts to 4,128 caloues per 
gramme, tkeicfore, according to the fhstlaw of Theimo- 
dynamics, the same amount of energy is necessary to 
foim staich from caibon-dioxide and watei. Sinco 
the reduction of caibomc acid gas only occuis in 
•sunlight, this ladiant eneigy is furnished by tho 

Will man succeed some day m imitating this piocess, 
m discovcun^these wondeiful eneigies, partly electiomc 
and paitly chemical, and m utilising them for his own 
pm poses ? Who can say to-day ? 

These pioecss?bs m tho gieen leaves consist of soveral 
stages , m one the caibon-dioxide is leduced to 
carbon , 4n another caibou and watei combine to foim 
caibobydiatcs, starch, etc, with simultaneous evolu- 
tion of oxygen , and in a thud these combine, piobably 
*m tlie siev e-tubes* with oxygen and mtiogen com- 
pounds ulieady foimed 01 taken up from outside, 
together with sulphur and phosphorus compounds, 
m a many -landed synthesis to a fuithoi substanco 
m the colloidal state, plant pioteiu. From there 
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outwaids tlie protein wanders into the animal kingdom* 
into animal bodies, m which aie contamedrsubstances m 
the colloidal state constituted in the most vanod foims, 

•' such as albumin, casein, etc. 

II is! me- Beyond their behaviour in the dialysei, substances in 

toons the colloidal state exhibit the following distinctions 
CoHcnds f rom ciystalloids , these diffeiences occur especially m 
Hud solution. 

Ciystal- Dissolved colloids possess a much smaller energy <y 
leads diffusion than ciystalloids , their velocity of diffusion 

TDiffluMon into othei liquids is much less than that of crystalloids , 

thus, according to Graham, the diffusion of ciystalloidal 
sodium chloncle is 2 33, while that of colloidal protein 
is 49. 

Osmotic In consequence of their lack of capacity to diffuse 
Picssme. through vegetable or animal membranes, dissolved 
colloids possess a much smaller osmotic prossuie«ihan 
crystalloids, accoidmg to Pfeffei the osmotiC pressuie 
of a 1 pei cent solution of sugar is 51*8 cm meicuiy, 
while that of a 1 pei cent gum solution is only 6 9 cm, 
meicury, a 1 pei cent dextiose solution only 1(T 6 cm. 
merouiy. 

Fipema;- Furthei, while with ciystalloidal substances the 
point and fioezuig- point falls propoitiouately to the quantity 
pom” 2 " added, with dissociated substances about double the v 
amount, this loweimg of freezing-point is quite minimal 
for substances m the colloidal state , e g , 44 gms of 
pi otem dissolved m 100 gms of watei caused a load- 
ing of the fieozing-point of only 0 060 0 . 1 The same 
holds for tho raising of tho boilHig-pomt. Colloidal 
solutions, e.g., very concentrated soap solutions, have the 
same boilmg-pomt as puie watei , with ciystalloidal 
dissolved substances the boiling-point rises? piopor- 
tionately to tho quantity addod Furthei, colloidal 
solutions cannot he distilled without decomposition, 
Molmiliu To explain this hehavioui an Enormously greater 
Weight, molecule, and a correspondingly gieat molecular weight, 
has beon assumed for substances in the colloidal Btale , 

i Zfc, f Pliys. Chera 9, 88 (1892) 
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n|oi silicic ticid about 50,000, for stnich about 25,000, 
while this %aie for a ciystalloidal substance like , 
stfthum chloude is 58 5 Fiom the relatively simpler 
constituted molecule of tungstic acid to albumin 
theie is an mcieasing complication in molecnlar stiuc- 
tuie , the moleculai weights themselves, as far as 
present moasuiomeiits go, aie assumed to increase 
fiom 1,000 to 50,000 

Coiiespondmg to the simple functions exeited m the 
economy of nature by common salt, for example, its 
molecule is simply constituted, its molecular weight 
relatively low , the state m which it almost always 
occuis is the crystalloidal, its ciystalline foim is the 
simplest possible, the regulai 

It has been picpaied leccntly for the first time in the 
colloidal state, 1 though it may be noted that it fiequeutly 
exists m the animal oigamsm m this state 

Corresponding to tlio complicated functions possessed 
by substances such as glycogen, casein, albumin, 
their molecules are constituted m the most varied and 
complicated mannei, then moleculai weights aie so 
high that they can only approximately he estimated, 
the state m which they occur is the colloidal, veiy 
laiely the crystalloidal 

Theio is, ho wet ei, the possibility that simply con- 
stituted substances such as common salt, lead chlonde, 
mercurous chloride, gypsum, which in the ciystalloidal 
f»im possess a small moleculai weight, may possess in 
the colloidal form a laigc molecular weight, such as 
has already been assumed foi silicic acid, feme 
liydi oxide, etc* 

An mteiestmg insight might be thus obtained into 
the constitution of these substances, which m this form 
is peihaps more complicated than lias been hitherto 
assumed 

Fuithei, colloids aie cliaiac Leased by their capacity 
foi scattenng and polaiismg a beam of light, e.g , 


1 Bcuclile (l Deutsdi Chum Ges 38, VJ7, 101)0 C I’.ml (('nllouliil 
sodium dilonilo) 
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Congula- 

Crystal- 

lisation 


colloidal gold, and silvei can thus be lesolved mtQ* 
finest suspensions in the ultra-micioscopvp, with which’ 
0 000004 mm can he still seen. 

Crystallisation m crystalloids answers in colloids to.a 
piocess which is designated coagulation 

Compaiedwith the complicated process of crystallisa- 
tion, this coagulation is peihaps the simpler, yet it was 
investigated much latei 

The differences between the piocesses are consular*, 
able ; ciystallibation can pioceed slowly, e (j , m a 
moderately concentiated solution , it can, indeed, m 
raio cases be biought about suddenly, eg., in supor- 
sntuiated solutions of G-laubei’s salt or supei cooled 
water. 

Tho piocess of coagulation always occuis in the latter 
way. Crystallisation and coagulation can both be 
hi ought about by change m tempeiature, but coagula- 
tion can also bo effected by addition of elestrolytes , 
only m the caso of a supersaturated crystalloidal solu- 
tion, 01 of supeicooled watei, can sudden oiystallisation 
be caused by addition of a ciystal ' 

Tho following coagulate, 01 change flora tho state of 
sol to that of gel — metal and metal sulphide hydiosols 
on addition of an electiolyte , glue (collti), gelatine, by 
loweimg of tompeiatuie, casein and albumin by rise 
of tompeiature, both also on addition of electiolytes, 
such as calcium chloride and calcium sulphate , other 
albuminates when what we call “ life ” vauishes fiom 
the tissue. In crystalloidal solutions this is not the 
case; tho fiist piocess shows the intimate relationships 
oxi stmg betwoen matter m the colloidal estate and the 
phenomenon of life. If the gel 1 can be transformed 
into the sol 1 again by the addition of watei, the process 
is revei sihlo, in the opposite case tho change of state 
is inoversihle , fish-glue is a type of the levoisible 
colloid, silicic acid of the irreversible.*' 

A fiuthoi property of colloidal solutions is that of 
passing through a filter Colloidal solutions will ho 
1 [These uoids me limisposcd in the oiigmnl, obviously In mistake 
' -Tu‘] 
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•\considcicif as vciy finely divided suspensions or emul- 
sions « 

-'“The colloidal state of mattei also possesses relation- Elecincal 
ship with electrical energy. Colloidal solutions show a behaiiom 
deciease of electucal conductivity, and, conespondmgly, 

*a much smaller reaction capacity than ciystalloids. 

Thus the conductivity of colloidal feme hydtoxide 
deci eases as the content in colloidal particles increases, 
when the latter is mcieased one handled times, the 
conductivity is decieased by 25 per cent. 1 The conduc- 
tivity of solutions of the alkali silicatos is much 
smaller m companson with that of the hydroxides, on 
account of the silicic acid hydiolytically sepaiated m 
the colloidal state 2 Furtkei, if an electiic cuiient is 
passed through a colloidal solution, the pai tides of 
arsenic sulphide, clay, charcoal, tannin, gelatine, gum, 
glycogen, protein, staich, wandei in the dnection 
of the negative cuiient , others, such as ferric 
hydroxide and aluminium hydi oxide, m that of tko 
positive 

In connection with this stands the theory of coagula- 
tion based oil the fundamental electrostatic laws. 3 
Accoidmg to it, coagulation occuis when the ions, 
added or already pieseut, attiact to themselves the 
•particles in tho colloidal state canymg opposite clectuc 
chaigc , they form complexes with them which giadually 
sink to the bottom. 

But when jons and colloidal pai tides of the same 
dim go meet, according to the fundamental electrostatic 
laws, a lopulsion of* the pai tides occuis, so that tho 
colloidal state l^nmintnined 4 

With this is connected also the following pheno- ColloM- 
menon "Suspensions of very finely divided ciystal- all y 
oulal substances, such as calcium caibonate, calcium st°a & n Cea . U " 


1 Pom pi rend 11.3, tfi— 40, lOOfi 
- J uuin Pin s Plicni 2, 17, IfiSS 

c zt r Piijs. (.’lieui tr, (Hio.n, ni omro 

4 Ileiraiduu' llie^ “ l’hemj nC Colloids,” I would icfci to tlie 
“finmdiiss dci Kalloidohcmio ” of Di Wo Oatwuld Publisher 
Tli iSteinlcopir, Dresden 
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sulphate, baiium sulphate only lemain suspended iii— 
watch for a short tune, perhaps an hour; «,lso the addi- 
tion of electiolytes is without any action on them , t&o 
pai tides remain suspended and do not sink to the 
bottom. 

On the contrary, suspensions of colloidally composed* 
substances, such as talc, clay, ultiamarme, cement, 
lemain suspended days, and indeed weeks , these sub- 
stances in contact with water fonn bodies m th# 
colloidal state, the hydroxides of silicon, aluminium 
and iron , the nioie colloidal bodies a substance can 
form the moie maikedly occuis the phenomenon of long 
continued suspension Fuithei, such suspensions sech- 
mentate lapidly by addition of electrolytes , salts, such 
as common salt, sodium sulphate, calcium sulphate, 
accelerate sedimentation. Thus a suspension of ultia- 
marme, which lemains suspended ordinauly foi shout 
ten houis, is sedimentated by addition of sodiutn chlonde 
111 twenty-five minutes, and by sodium mtiate in ten 
minutes 

Theie are two causes foi this behaviour • the eleotio- 
static attiaction between the paiticles of suspended 
Biibstances, w Inch aie sunomided by a colloidal envelope 
causing suspension, and the 1011s caiiymg the opposito 
eleetno chaige , and, moieovei, the lemoval of the water* 
of the colloid; those substances m paiticular, such as 
calcium chlonde, aluminium chlonde, and feme 
chlonde, which possess hygioscopic pippoitics, lmve 
the most poweiful action, 111 that they attract to them- 
selves the water of the colloid, which may amount to 
5 — 10 pei cent., when the destioj nl^of the colloidal 
envelope aud the sedimentation of the suspended 
substance follows. 1 o 

Perinea- Theie is anothoi law which must he foimulated 
kility otheiwise, and cannot seive as a pimciplo of distinction 
between substances in the colloidal and ciystalloidal • 
state 

1 Cf P llohlnnrt, L’hys Uhom Zenli ilbl.itt, VI 1008, on the 
bcbavioiu of suspemlul substances. m the ciys.talloul.il ami colloiilal 
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% It 1 ms been said hitherto that a gelatinised colloid 
can no longe? be taken up by a second colloid, whose 
diffusion it hinders while it allows dissolved crystalloids 
tt>. pass tlnough. However, m the dialysis of sodium 
sdicato Graham lepresented a shaiply defined case, in 
"most cases the capacity of diffusion of colloidal solu- 
tions cannot be neglected, and m dissolved ciystalloids 
the velocity of penetration shows gieat differences. 

■* Thus coagulated silicic acid is nnpeimeable to 
magnesium salts, or then velocity of diffusion is at all 
events veiy small 

It appeals that the magnitude of the velocity of 
diffusion changes consideiably, on the one hand, with 
the natiuo of the coagulated colloid 01 of the membrane 
used, and on the other hand with the natuie of the 
ciystalloidal solution. 

Many suhstancos in the coagulated state leadily 
peimib the diffusion of the crystalloid watei, hut 
not of subslances dissolved m it which have also a 
ciystalloidal natuie, at least only to a small extent 

Coppei fenocyamde is permeable to watoi, but not 
to sugar, saltpotre, hydrochlonc acid and many dyes 
which dissolve in it. 

Plant and animal mombiancs also allow watez to 
’ pass tlnough, hut permit the passage of substances 
soluble in it only slowly if at all 

Fuitbei, the envelope of the cell piotoplasm is pei- 
mSablo to water, hut not to many substances piesent in 
the cell juices, eg., glucose, potassium and calcium 
malutos, and some inorganic salts . 1 

According tcPyon Calcai, the permeability of the pie- 
pared amniotic membrane of the human embiyo vanes 
with the tension , by this membrane two elements of 
tho diphtheria toxin, the toxins and the toxonos, can 
be separated 3 

Oil the contraijf, the behaviour of rubber with watei 
is exactly the leveiso, in this case it is not poimenble, 
though it is foi many oigamc liquids. 

1 'At f l’hys Clium 2, 21ij, 1K88 

2 ZL f Chum, u Inti, del Koll 1, 5 (10015) 
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Piohably tlic degiee of peimcability depends o€ 
the condition of the net structuie of tSio coagulated 
substances * 

Toxicity Fuithei, the poisonous action of bauum salts m tiie 
colloidal state is smallei than in the ciystalloidal. 

It is piobablc also that in the lemedy given by 
Bunsen for aisemc poisoning, feme hydroxide, its 
colloidal state is of essential significance in this pio 
tective action ; it would be of physiological inteiest t« 
test whether colloidal aluminium hydioxide shows an 
analogous behaviour. The same holds for magnesium 
hydioxide (Antidote). 

Water of Water of gelatimsation is paiticulaily chaiactciistic 
Gdatim- 0 f the colloidal state , this tahos the place of u atei of 
satiou crystallisation m substances m the ciystalloidal state. 

Chevionl was the fiist to distinguish water of gela- 
tunsation as bound by capillary affinity , he undeiftood 
by this an attiaclive foico of both physical and chemical 
nature 

Giaham mteipretod this definition in the fol]owmg 
manner That chemical affinity of the lowest degreo 
can grade into capillaiy attiaction, though the content 
m water of gelatimsation is still to a coitain extent 
“tinly chemical” as tlio content m water of crystal- 
lisation is, hut that the combination of a colloidal ' 
substance with water is, lioucvei, only weak. 

The transformation of colloidal water to the ciyslal- 
hsed state can only he effected with difficulty; the 
compound of a substance m the colloidal state with 
water is, houovei, of a dififeient natuie than of a sub- 
stance in the ciystalloidal state. Dififiient degrees of 
stiength m the binding or linking of the uatei of 
gelatimsation to colloidal substances have been dbseived, 
the watei is the more firmly hound the less it is 
adsoibed. 

Little success has hitherto beeif* attained m tians- 
forming substances from the colloidal to the ciys- 
talloidal state undei aitificial conditions , silicon 
hydioxide and aluminium hydroxide can he obtained m 
a ciystallised state fiom then colloidal solutions ; 
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’kovi'evei, months and yeais, togctliei with penodio 
changes of tdlnpeiature, aic required ioi this purpose 
Avoiding to a supposition hy W. Ostwuld 1 2 smoky 
q’liiutz has lesulted in this way m liatuie. 

The colloidal state shows some otliei phenomena woi thy Viscosity 
of note , the viscosity is diminished by the piesence of 
ceitiiin kinds of ions, e rj , m diffeiont organic sub- 
stances and in clays, hydroxyl ions of definite concen- 
tration bring about this diminution 3 In these cases 
this is to be ascribed to mutual repulsion of the nega- 
tive liydioxyl ions, and the similaily negatively ckaiged 
colloidal pai tides of clay 

Further, m reactions between substances m the col- Adsorp- 
loulal and crystalloidal state, no compounds appear m 
rigid stoichiometucal piopoitions; adsoiption com- iteact^ ° 
pounds aic fonned which do not give the eustomaiy 
reactions, these fiist reappear when tho colloidal 
system lstlcstioyed. 

Adsorbed peimangunate does not leact with hydio- 
gen pei oxide, sulpliuious acid, ammonium sulphide, 
adsoibed foinc ehlonde does not give the Prussian 
blue reaction 

CO3" and HCCy 10ns adsoibed by cement cannot be 
detected with twice-normal hydiochlono acid , 8 vigoious 
* evolution of caibon-dioxide with copious foimation of 
ferric chlonde first occuis on addition of concentrated 
hydiochlono acid , tho adsoiption system is first 
deStioyed byihis, whereby the appeaiance of the oidi- 
naiy reaction is secured. 

With the binding* of these 10ns and their apparent 
disappearance In colloidal stiuctuies is connected a 
ceitiun slowness or incapacity of leaction, such as m 
the sliglttly dissociated meicury cyanide. 

The following are two analogous phenomena 111 which 
the solubility of the adsorbed substance is changed or 
1 educed to zeio ; 'bottle glass often contains sodium 


1 “ Outlines of liioigaiuc ctaemlstiy ” 

2 Cf P R0I1H111I, “ Die Tone ” A Hartleben, Vienna, 1109 

8 P lluhland ('Pile slowness of reaction of adsorbed co 8 " ions). 
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sulphate m huge quantities, uliich Inis not been reduce? 
to snlplnnons aoul by llic coal m manufacture lt,is 
now impossible to remove tbis fiom the manufactured 
glass by lmviation with water tlie adsoibetl sodutm 
sulphate has become insoluble in wmoi 

Only when the glass is bioken up and digested with 
watei lor a long timo m tho pulverised state does the 
sodium sulphate contained m it pass into solution 1 
In the binning of bricks, especially with easily sinter*' 
ing law material, an adsoiption compound is foimed 
between the silicates and the sodium sulphate, magne- 
sium sulphate, oi calcium sulphate, whose tendency to 
dissolve m water is likewise zeio, watei which acci- 
dentally comes into contact with the hacks docs not 
dissolvo these salts ; even whon, iu consequence of the 
porosity of tho backs, tho water penetrates to the 
mteaor, these sulphates aie not dissolved out. Tlfls is 
veiy lmpoitant m couBideang the technology of building. 

It has been established that a fauly high tempeiatiue 
is necessary to fonn this adsoiption compound between 
the sulphate and the aluminium silicate ; on gentle 
ignition these salts aie not adsorbed, though this is 
the case on moderate and vigorous ignition at about 
1050 — 1090°. Moreover, it also depends on the con- 
dition of the iaw matenal, whethei oi not such a com- 
pound between the silicates and sulphates is foimed. 

The content m adsoibed salts only amounts to 0 03 — 
0 04 per cent , yet it they aie not adsoibed hi the piocess 
of burning they are lator the cause ot decomposition and 
decay, which give rise to mjuiy and destruction of the 
surface of the buck. • 

Adhesion Tho colloidal state of mattei also shows two very 
characteristic physical phenomena. The single fuu tides 
have a most maiked tendency not only to cleave fumly to 
one another, but also to foreign bodiejj, a pioperty which 
is veiy advantageous m conciete and feno-coucrete. 
Foimation The other physical phenomena, foam foimation, can 
of Foam. p e observed above all when substances in colloidal 
1 I* Rolilantl (Two piocessea ui pot and glass munufnotuio) 
Zt £ Angew .unite OUeuue, 20, 4t, 1007 
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station, together w lthfieo alkali or fi.ee acul, are mechani- 
cal^ agitated oigamc colloids, m the most maiked 
w a*,' m soaps, and Anther in protein; in mo 1 game 
colloids in the talcs, when thoy form silicon hy dioxide 
ip contact, with water and dilute hjdroclilonc acid. 


A detailed representation of the extiemely weighty Colloids, 
Position which substances in the colloidal state assume Tectl - 
m almost all blanches of technology and mmieious indus- aud Sy 
tries would exceed the scope of this woik Some important industry 
industnes may be mentioned heie, for which matter m 
the colloidal state has become of great impoitauce. 

This has come about m connection with an industry 
which at the Gist glance appeals veiy remote — that of 
cement and clay. 1 

Th^ constitution of cement and tho cause of its Cement 
haidemng .have been fruitlessly investigated for ten Manufac- 
yeais The problem of hardening 1 effects in its develop- ture 
ment all phases of the development of chemical theory 

FoinJation of silicates, then decomposition in different 
ways, arrangement of the atoms in the sense of the 
organic structural theory, weie given successively as 
the cause of liaidenmg 

• Tho piohlem of haidemng has been first pursued 
moie seaichmgly on the basis of a knowledge of the 
properties of substances in the colloidal state, and the 
impenetrable veil which surrounded it has been, for 
the most part, 'removed. 

Fiona the adsorption compound, into which tho cal- 
cium oxide has ^ nteiM duung the process of burning 
and smtenng of the cement, the hydioxides of silicon, 
alumunu^i, and non split off in the colloidal state on 
mixing with watei, and aie slowly coagulated by the 
calcium oxide, simultaneously partially hj diolytically 
. sepai ated and hydmied. 

Fuither, these colloidal substances which aie fonned 
completely adsorb caibon-dioxide from the air, and fiom 

1 Of P Kohland, Zeitscln ill fin Chenne unci Industrie dcr Kolloitle, 

1Y u, 11)1)9 Publishd ’lh SteiuXopfi, Dresden 
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this adsorption the foimatmn of calcium carbonate frosi 
the calcium liydioxidc follows. * r 

Tho substances coagulated by swelling now act like 
glue or paste, and lnndei n further pcimeation into 
the mtenor of tho haidcuiiig cement, and the furthej, 
piocess of hydrolysis Moieovei, the gradual coagula- 
tion causes the hydration to occur, not suddenly as m 
oidinary quicklime, but very slowly. Accordingly the 
“ constitution ” of liaideiied cement is as follows —ft 
consists essentially, both on tbe suiface and m the 
layers beneath, of calcium caibouate which results fiom 
the hydiolytically separated lime and the eaibou-dioxide, 
aud, fuithei, ol the coagulated hydioxules of silicon, 
aluminium and lion. 

Conciete The BubBtauces in the colloidal state foirncd by 
coiicietQ 0 " ccmeu ^ on fixing with watoi mo connected also with 
C01 0 its application m combination with giavel, hfbken 

stones, and nibble as concieto ami feno-con Acte . 1 The 
colloidally deposited by dioxides of silicon, aluminium, 
aud non have tho capacity of taking up amoipl^ous or 
ciystalloidal bodies, and suuoundmg them solidly ; after 
tho coagulation of cement with giavel, etc, this com- 
bination foims an extiemcly lesistant mass. 

The stiong adhesion of concreto to cement, which 
amounts to 40 — 47 kgms poi sq cm , depends on* 
the piesence m the colloidal 6tatc of tlio substances 
mentioned; these cause this quito consideinhle foice 
uniting concrete and non. In tho chffcient fefro- 
conciete systems, Momev, Hyatt, aud othois attempted 
to hung this adhesion to the highest possiblo value by 
embedding non lods aud wnes in various ways In 
consequence of the stiong adhosion, lion with external 
unevenness is not nocessai)'. * 

Lime Iu oidmaiy limo mortar also these colloidal hydLoxides 
Moitar play the samo part, small admixluies of clayey and 
muddy components may he contained m the sand added, 
which mciease its capacity for haidemug 


t!f I’, Holilauil, Betonztg 3, 49 (1909) 
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.'ffhcio ^ as anotliei pioblem m the uuhistiy of clay, Hay and 
which was captfble of solution by the help of substances j^nufe 11 
m tt*o colloidal state. tme U 3C " 

different solutions wore brought foiwnxd on the 
question of the cause of plasticity, but none wore found 
sufficient; a point was first leached by colloidal investi- 
gation at which the door was oponed to a region hithoi to 
^little known scientifically. 

. The pievious suppositious on the causes of the plas- 
ticity of clay weio based on vauous properties which 
wcio attiibutod to clay paiticles; poious mesh-like 
structuie, sphencnl fonn, pliancy without elasticity, 
complete power of cleaving, flexibility, small spheneal 
foim, smooth suifaces, condition full of poies (tending 
to matting), powei of displacement, lough suifaces, and 
others. Other authors sought foi the causes of plasticity 
in the V anangemcnt of the single molecules and atoms ” 
m the sense" of the oiganic stiuctuial hypothesis, or m 
conceptions bouoived fiom physical teaching, such as 
adhesion and cohesion, which are only more “ con- 
ceptions' 1 inaccessible to scientific tieatment, and thus 
came to no losult All these statements have this m 
common — that they do not go beyond moio 01 less good 
compausons , they do not show thepaiticular causes of 
iflasticity. 

Por example, a spherical form with smooth suifaces 
can be assumed m sand free fiom clay , bowover, this 
ncief gnes a plastic mass 

The real explanation for the causes of plasticity must 
be this that clay in the an-diied state contains sub- 
stances m the .colloidal state and foims them in con- 
tact with watei (the already-mentioned hydroxides of 
silicon, aluminium and non, and probably oiganic 
substances), and fuitbei, that these substances m the 
colloidal stato possess plastic piopeities, colloidal 
Jiatuie and plasticity "stand 111 causative connection. 

Thus clay slato when fieslily broken is a completely 
janplastie mateual , it first possesses plastic piopeities 
aftei it has “ decomposed ” foi a long tune, when m 
contact with water it forms the above-named substances 
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m the colloidal state. That pure kaolin 1 # -very slightly 
plastic, indeed can he nnplastic, is due to the fact that 
these colloidal hy dioxides of silicon, aluminium? .find 
iron aio hist fonned, and then earned away by, ilic 
water in the kaolinisation of giamtic rocks. 

Clays containing zinc, which contain piactically ho 
aluminium silicate, aie sfciongly plastic on this account, 
since m contact w ith n atei they form substances m the 
colloidal state, the hj dioxides of zinc and silicon. , 
The clays have consequently the power of absoihing 
watei, which is connected with the contiaction m 
taking up natei, and a maximum of swelling, capacity 
for skunking on diying m air and m fne, powei of 
binding small amoipkous and crystalloidal substances, 
the so-called tkinners , m the coagulated state they 
possess the piopeity of hindering diffusion and attesting 
other colloidal solutions , while they allow solutions of 
ciystalloidal substances to diffuse, finally, they have 
the capacity of adsoibing dyestuffs ot complicated 
struetiue, and different lands of ions, caihomc and 
bone aoid ions completely, and pkosphonc acid ions 
paitially, fuithei, unsatiu ated hydrocaihons of the 
composition C n H 2u _ s ,C„H 2n , and finally stiong and even 
foetid odonis. 

Olassifica- Since, theiefoie. these clays adsoib and ictain suli- 
Puiihca B ^ ances m fko colloidal state — such as oils, fats, con- 
tionot " centiated soap solutions, staich, dextnn, maltose, 
Effluent glyccune, plant and animal albumin, casein, .etc , 
Waters fuithei, moigamc dyes, such as Piu^sian blue ami 
Turnhull’s blue, all coal-tar dyes^ colours, the colouring 
matter of beei, all plant colouring matters, indigo, 
ciucuma, the coloiumg mattei of the cauot, heihenne, 
the coloiumg matteis derived fiom van jus woods 
(Biazil wood, logwood, fustic), animal colouung mattors, 
such as carmino, the coloiumg mattei of the 
blood, the yellowish-brown colouring matter of uuno, 
faecal mattei, fuithei, all had odouis, ceitam hydro- 
carbons and kinds of ions — they are suitable for 
cleaung, decolouusing, and purifying the effluent" 
waters of factoues and works, which contain many 
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substances lfl the colloidal state and many colounug 
matteis, those »of the carbohydrate industries, staicli 
niid.tlextrm, dyeing, tanning, soap-boiling, paper and 
sugar works, bieweries and distillenes, and finally town 
sen age . 1 

'It is exactly these effluents, containing many sub- 
stances in tlio colloidal state and many colouring 
matteis, which can be punfied only with difficulty, 

01 ^indeed, not at all, by other pievious methods — 
mechanical sepaiation, the addition of chemicals, litiga- 
tion and the biological method, and the elcclio-chemical 
method. 

On the other hand, it is these substances especially 
which, when they pass fiom the effluents into slowly 
flowing wateis in paiticular, mjnie and destioy plant 
and animal life. 

If t^e effluent^ contain no aguculturalty mjuiious 
substances, the clays which have accomplished tho 
adsorption can find application as manmes, 01 they can 
he advantageously employed m the oeiamic industiy, 
since tlifiir degree ot plasticity has been raised by 
addition of substances m the colloidal state. 

On this basis also maybe consideied the means which Change 
find application foi liusing and diminishing the dcgiee o£ 
of plasticity. Plasticity 

The so-called decomposition of clay serves the former o£ Clay 
puiposo; this is peifoimed m cool and moist cellais, 
and finds especial application m the manufactuie of 
porcelain , theieby is biought about essentially an 
mcieaso in the colloidally dissolved substances of the 
clay, already mixe^l with felspai, etc. Aftei some time 
tho mass of clay shows an alkalino reaction, denvcd 
fiom the lyfflrolytically decomposed felspai Fiuther, a 
decomposition then occuis of the oiganic substances 
pi esent m the clay and m the water used , this is an 
acid fermentation which depends on physiological 
piocesses, peihaps the activity of bactena, probably of 


1 (If I’ Rohland, Die chemisclie Industne, 38, 5 (1910) Tlie 
method of puufymg effluent;, and sewage by clay 
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ferments. Tbeieby the alkalinity of the decomposing 
clay is anestedj hydrogen ions are fnoduced ijhich 
acceleiato the coagulation of the substances in' the 
colloidal state, wheieby the degiee of plasticity' is 
laised. e 

Foi this piupose inoiganic and oiganic colloids, 
aluminium hydroxide, silicon hydroxide, agglutinated 
starcb, tannin, gluten, etc , aie added bofoic decom- 
position, X 

During decomposition the following process fuithei 
takes place; m a mass of clay soaked with water a 
contioction occurs m consequence of the content of 
substances in the colloidal Btate, the volume of the 
swollen clay is smaller than the onginal volume plus 
that of the absoibed watei. This contraction is 
accompanied with the evolution of heat 

By lowering of tempeiature, such as occurs <u cool 
cellais, absorption of water and contiafction pioceod to 
a gieatei extent, which likewise results in raising the 
degree of plasticity. n 

Winteiing In 01 dinavy clays, the law material of pots, bucks, 
Su d ei etc- > aB a I'ule, only “ wmteung ” and “summenng” 1 
ing 011161 " occui , the object and result is the same m both In 
the Hist case the clay is piled up in long Leaps 60 to 
90 cm, high, fiequently stirred up and watei ed ; fn 
the latter case it is spiead on the giound in thin 
layeis 

Thereby a mechanical loosening of the clay occui s; 
the chemical processes consist in the oxidation of sub- 
stances poor m oxygen, feu out to feme salts, iron 
sulphide to feiious sulphate , the most essential is that 
by the lepeated moistening with water, the amount of 
colloids m the clay is increased, and theiob/'the degree 
of plasticity is raised. 

The leverse piocess, the diminution of the degree 
of plasticity, is effected by addition of alkalies ; the 
coagulation of the colloidal hydroxides is letaided or 
auested by the hydroxyl ions of the alkali , salts which. 

utei n and Aussommera ] 
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contain bydioxyl ions m the solution by liyili olysi s, 
e ij , sodium aim potassium carbonates, hnd application 
as well as alkalies , yet in these the influence of the 
liyfhoxyl ions may be weakened, compensated 01 even 
si, lengthened, by the ltiithodic element of tbe Bnlt m 
question. 

Only clays which contain quite definite organic sub- 
stances peinnt such diminution of the degree of 
plasticity, 01 “fusion” , in a clay from the kingdom of 
Saxony these are of a fatty nature and are liytlioh sed 
by addition of alkali , on such clays hyclioxyl 1011s exeit 
an action partly liquefying, partly coagulating; the 
latter influence is exeitod oil these soapy substances, as 
wall he bhown later in soap manufactuie 

This “fusion” of the day by alkali finds tech- ManuC.ic- 
meal application m the manufacture of pottery and t" re o£ 
cnamdled ware, this process is pai tioularly valuable, eiy 
especially for the lattei, since when it is manufactuie cl Enamelled 
m auather lvay it shows a smallor degiee of lesisti- " raiu 
bility 

As alioady mentioned, the action of alkalies 01 
hydroxyl ions on clays, which finds expression in a 
diminution of the degiee of plasticity and a “fusion” 
is based in general on a mutual lepulsion, accoidmg 
to electrostatic laws, of the colloidal particles charged 
with negative clectucity, and the hydroxyl 1011s ; the 
action of aculs 01 hydiogen ions, which acceleiate 
coagulation, cqmes about becauso these, being cliaiged 
wuth positne eleetncity, attiact the negative colloidal 
particles, foiming complex masses and thus bnuging 
about congulatio* 

Substances in the colloidal state play a not incou- fioap 
sideiable«part m the manufacture of soap ; concentrated Mamifac- 
soap solutions possess a mailced colloidal chaiacter , 
they have the same tension and the same boilmg-pomt 
" as puie watei, a feiy small elevation of the boiling- 
point and depiession of the freezing-point, and small 
„ osmotic piessure. 

Thiough these propeities of soap solutions can be 
explained rules winch have been empirically obtained 



22 


COLLOIDAL AND CRYSTALLOID AL 


m soap mauufactuic 1 Each soap mnjieigoes tlio "so- 
culled " rectification ” 2 , tins sigmfios that not only, the 
quantity of alkali stoicbonnetiieallyncccssaiy foi saponi- 
fication is added, but that a definite excess is nccessaiy 
after saponification. 

When a mixture of oils has been saponified with 
alkali by the first process only, a soft soap is fonned 
of fluid natrne , hut by the excess of hydioxyl ion^ a 
coagulation of the colloidal soap solution oceui s. 

The coagulating action of the hydroxyl ions comes 
into play m soap manufactme m yet another place, 
and indeed, m a manner at fust disadvantageous. To 
weaken oi pievent it a carbonate, soda or potash, is 
added m the so-called “ causticity leaetiou.” This 
name comes fiom the time when the soap-boiler 
piepared his own lyos , he causticised soda ancl potash 
solutions by lime, and thus obtained lyes of a definite 
“ lime iatio,” i.e , latio of caustic to caibonate. If the 
content of the latter was too low he lendered the lye 
“lower in lime" oi “reduced the causticity" by adding 
soda oi potash This process was called “ grading.’’ 2 

But if the addition of carbonates is meieased dunng 
the “ caustification leaction” the coagulating action of 
the hydroxyl ions comes mto play, so that the soap is, 
thick and viscous. The solution m the kettle consists 
of the alkali salts of the fatty acids formed dunng 
Bnpomfication, together with caustic alkalies, alkali 
caihonates, and othei salts, and is of a colloidal natuie. 

This influence inhibiting the coagulating action is to 
be ascnbed to the caibonate ions. 1 ' These ions exeit here 
a similar influence to that of the liydiSxyl ions on clay. 

It consists m a sort of protective action, j^i that it 
hinders coagulation. 

Such piotective action is aheady known m other 
colloidal solutions. Colloidal gold nr platinum is more, 
stable in alkaline than in puie water ; small quantities of 

1 T Boldand, Chew Ind 30, 20, 1907. The action of Hydro':}’ 1 -. 
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li’diogou lonsjielnnl llio precipitation of feme liyili'ovide 
FusLhei, albumin and gelatine laiso the stability of m- 
oi"iunc colloidal solutions, bo ill at. they caunnl be pie- 
oipitated oni. In ibis way also is to bo explained tlio 
pioteotivo aciion ol ilio caibouatc ions 

The extraction of sugar fiom beetioot could not be Suyu 
peiformed 1 datively so easily if tlio division of substances Manntao- 
lji it into the crystalloulal and colloidal states did not tlu0 
rendei tins possible It depends on the different pro- 
pel ties of both m diffusion tlnough a memhiane. 

Altei the division of the beetioot into shreds, which 
are exti acted with water at a fauly high tcnipeiature, 
the walls of the bingle hcet cells behave as semi-per- 
meable membranes 

The process of sopaiatiou is based on this senn- 
peimoahility of the walls of tlioso plant cells, while the 
substances m the crystalloidal state, sugar, inorganic 
salts, etc., diffuse tlnough the walls, tlio substances m 
the colloidal state, piolems, poctms, gum, aio held 
hack, .or the foimei pass tlnough the poies of these 
semi-peimeable walls with gicat ease and speed, while 
the latter pass tlnough quite slowly aud only with diffi- 
culty. This diffusion fiist begins m the cells at the 
, sni face of the blncds, hut continues fiom cell to cell, 
so that by sufficiently long action and with frequent 
renewal of the water the whole sugai content can be 
exacted 

The method of ex ti acting the beet shreds electro- 
chemically depends also on the piesence of colloidal 
substances, and then property of wandenng to the 
anode in the finection of the negative cunent 

Though the ait of dyeing fibres, linen, wool, silk, is Dyeing 
so old, the tlieoiy of dyeing is of quite recent date. 

There are dyes which combine with plant and animal 
fibies without furthei treatment, while in otheis this is 
only accomplished after moidantmg with an organic or 
inorganic substance 

>- Piesumably the theories of dyeing will offer explana- 
tion Lo a still gi eater extent, wdien the knowledge of the 
adsoiption of dyes by substances in the colloidal state, 
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ami of adsoiptiou phenomena in general, lS yet further 
advanced <” 

Textile fibies possess a colloidal cluuacLev, in Dho 
moist and swollen slate, winch they assume b) treat- 
ment with acids or alkalies, they easily absorb other 
substances, e g , dyes. Dyeing must be consideied as 
an adsorption piocess 

This explains the necessity, well known from a 
technical point of view, that m wool punting the atmo- 
sphere and the wool itself must possess a ceilam degree 
of humidity, so that the coloui may completely develop 
aud he letomed, the cause of this is to be found m 
the fact that the moist wool swells m watoi vapour and 
passes into the colloidal state, and then adsorbs the dye. 

A further proof of the colloidal natuie of textile fibies 
is this • the adsorption of the dye is accelerated by the 
acidification of the bath m which the wool is dyetlp but 
it ceases on subsequent dj emg in a bath without acid ; 
tins is because the wool again passes into the uoimal 
condition when it is no longei in contact with the 
acid bath 

Also fibies of the type of silk, ie., fibioiu, show 
colloidal propoities, a silk fibic can be loaded with 
foieign substances up to 250 pei cent without losing 
its appearance and lustre. Tins again is only rendered 
possible by substances m the colloidal stato — r.g , albu- 
mins , the strongei the colloidal nature of a substance, 
the gieatei is its power of adsorption v 

The felting of wool and hair is biought about by tlie 
transfoimation of the fibie to th^ condition of a gel, 
by an alkaline or acid bath , adherent^ is caused by 
mechanical felting. 

The fact that meiceused cotton will dye easier and 
daiker than oidmary cotton can also he explained by its 
colloidal structme. By the action of soda lye the cotton 
passes into a gelatinised condition, which persists after 
repeated washing and favours the adsorption of the dye 1 


1 Ct E Justm-MiiL'llei, Zt f Inrl u Clicin cl IColl (Tbe lintuio 
of textile fibres), I 11, 1007 
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•Roth animal mid vogotablo fibics, of tlio foi m ei , 
puncipnlly tlio albumins, of the latter, caiboli^ drates, 
are of colloidal untrue All these piocessos completely 
refill the adsoi ption of dyestuffs of complicated strnctme 
]?y clay aud talc, also the insolubility m water caused m 
these dyestuffs by adsoiption ; tlieie is this in common, 
that they have their causes m the peculiar stiueture of 
substances m the colloidal state 
# In the finishing of printed cotton mateimls substances 
m the colloidal state also find application, they aie 
finished to impiove thoir ontwaid appearance; a sub- 
stance in the colloidal state, such as starch 01 dextrin, 
is pressed into them. 

The mdustiy of tanning also requues substances in Tanning 
the colloidal state, animal hides were first mbbed with 
fat and thus made supple, later the use of gall-nuts, 
oak bark nnd tan, pine baik, quebracho wood, etc , was 
learnt , all these natural pioducts contain colloidal sub- 
stances, tannic acids, of which tannin, digallo-tanmc 
acid, ls^the most accuiately known Animal and mineral 
tans also contain substances of a colloidal character, the 
degiee of which is of essential significance. 

The theoiy of tanning which host ipisweis to facts, 
regards the piocessos, p&iticulaily in the swollen state 
*of the hide, as piocesses of adsorption 

Oui youngost industries, those of automobiles and Motors 
an ships, likewise lequire substances in the colloidal ^nil 
state — mbbei, gutta-percha, and celluloid. 113 1 1)3 

Rubbei, the latex of tiopical Euplioihiaceae, becomes 
buttle and unelastic sn the air by oxidation , as such it 
serves for the manufacture of eiasers, tubes, plates , 
by heating with molten sulphur (10 — 15 pei cent ) it is 
changed Into the so-called vulcanised rubbei, whereby 
it acquires an elasticity wbicli remains on heating. 
Extensive lesearches have been recently made on this 
piocess 1 

By heating with a laiger amount of sulphur to 120 — 

1 Of 11 Dilmn, Zt, tar Chomic nnd Indiistne dci K o 
19UG — 19U9, 


llloulo. 
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150°, rubbci is changed into a homy modification which, 
finds application in the niaiiufactui o of combs, pen- 
holdots, etc , as ebonite or haul rubber. ( 

Gufcta-paiuha, likewise a duod-up Uopical latex, is 
tough and only slightly clastic at oidm.uy lompcni tuics" 
but at higher temperatuies (60 — 70°) it cau bo easily 
shaped , it pnneipally seives, as the second modification 
of rubber, toi the manufacture of tubes, pneumatic^, 
etc. ; it is further employed in the manufacture of cables 
on account of its electncal insulating power. 

Celluloid, a mixture of a colloidal substance, collo- 
dion, with camphor, has found much application in the 
election of the last Zoppohn airship 

The working of lesius and the manufacture of varnish 
is essentially based on substances m tbo colloidal state. 

Both the older papei manufacture, which workod up 
lags, and Lhe newei , which staits fiom cellulose* has 
frequently to deal with substances m the colloidal state , 
in “uatei sizing,” a piocess in which the piopeifcy of 
limning is taken ftom the paper, a solution of resin m 
soda iye, staich, alum or alummium sulphate is added 
Resimc acid is thus piocipitated, which lemainmg mixed 
with the papei picvents limning, while the starch lnndeis 
the precipitation of the resinic acid on account of its, 
colloidal condition 

In the mauufactuie of the tuugsteu lamp the metal 
tungsten in the colloidal state plays a chaiacteii^tic 
pait This metal has indeed the advantage of possess- 
ing a high melting-point (2,800°), hut it is too buttle to 
be drawn out into wires; its colRndal solution is fiist 
foimed by a suitable chemical treatmeift of the crystal- 
loidal tungsten ; it can then he precipitated n^ the col- 
loidal state. 

The metal in the colloidal state is no longer buttle, 
but can be easily drawn out into threads, so that it can . 
be employed foi the purpose of illumination. - 
y In the mauufactuie of gold ruby glass a colloidal 
solution of gold iB employed , it is formed when gokh- 
cblonde is added to glass ; by suddon lowering of tem- 
perature a colourless glass fiist* lesults. Gold m the 
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colloidal stat# is foimcd liy lepoated beating, m conse- 
quence of win oil tbe glass acqunes a supeib colom. 
tBoso piocossos caii be lendered visible with tbo aid of 
the ultia-fiiicioscopo. 

» The long known gold purple of Cassius is also of a Purple of 
colloidal nature ; it is obtained by reduction of a gold Cassius 
hydrochloride solution with a solution of stannous 
©blonde A most remailcable phenomenon then occius, 
a soi t of mimiciy between two substances m tbe colloidal 
moigauic state which is otherwise only found in organised 
nature between coi tam plants and animals The colloidal 
solution of gold has completely assumed the pi operties 
of stannic acid hydrosol m chemical lespects, while it 
has only communicated its colour to the latter. 

In the manufacture of silver and gold mmois colloidal Silver and 
solutions o f gold and silver aio of importance , m these Gold 
metallic silver is precipitated fiom a ciystalloidal silver MlU0IS 
solntion by a 1 educing agent; tlieiehy is obtained tran- 
sitorily tbe red coloui of a colloidal silvei solution It 
is now necessaiy to precipitate it from this colloidal 
solntion, which is so sensitive to external influences, in 
such a foirn that a beautiful silver or gold minor lesults. 

The condition of the glass surface is of impoitanco here 
, The activity of the diy cell depends on the ©lectio- Dry t'Ul 
lytic conduction occuinng m the coagulated gelatine to 
the same extent, and according to the same laws, as m 
v\ fttor. 

Mankind is indebted to mattei in the colloidal state Blasting 
for Alfied Nobel’s blasting gelatine. By combination of Gelatine 
collodion 01 soluble* gun-cotton with mfcro glycerine he 
obtained a mn&J of gelatinous or gnm-liko consistency. 

The proportion is about 93 per cent, mtio-glyceiine 
and 7 per cent, soluble gun cotton, it is an amber 
yellow transparent elastic mass, which can be kept foi 
a veiy long time gander watei. It explodes at 201° on 
slow keaimg, 240° on iapid heating 

Its great advantage over other explosives, such as 
* dynamite, is that it is quite considerably less sensitive 
against shocks ; blasting gelatine fiist explodes with a 
shock’of 3} kgms., oi it must he vigorously detonated. 
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This great resistance against shock, etc , *hich would 
not he possible with a ciystulloidal body, is a conse- 
quence of the colloidal uatuie of the blasting gelatin* 

Further, it was hist possihlo to pieparo a smokeless 
powder by using a subsLanco m the colloidal state, gun ; 
cotton. Heie the application of a substance m the 
colloidal state has hi ought about a change in the tactics 
and strategy of war, which can he considered of equal 
impoitance with the discoveiy of the fiist black gun* 
powder. 

A smaller technical advance is signified by the intro- 
duction of gelatiue for the development of scientific and 
artistic photography ; and an advance of gieafc impoit- 
ance to civilisation has been made by the introduction 
of cultuie- gelatine foi baotenology 

An alchemist, Hemiich Schulze, made the fiist 
“photogiaphic” observation in Halle-a -S m the#yeai 
1727 ; he dissolved silvoi, which stood m the sun, m 
jrrtrio acid, and ponied this solution on chalk ; lie thou 
lemaiked to his astonishment that the side of the chalk 
turned to the sun was colouied dark, while the other 
side remained while 

Doguene exposed a silvei plate to the vapouis of 
iodine, and allowed the imago of a camci a obscura to 
act upon it , after the action which followed, the plate 
was hi ought into the vapour of gently waimed mercury, 
whereby a pictuie was con] uied foith. 

But it was the application of a substance m flhe 
colloidal state, fiist collodion, then gelatine, which 
piodnced a great advance in photography. 

Glass plates weie coveied with gelatine in which 
there was a layer of silver bromide sensitive to light , 
the plates thus prepared cannot he used at fiftst, but 
must be stored , the plates, at first transparent, become 
opaque ; tho particles of silvei bromide agglomeiate, 
and then possess the maximum of sensitiveness to 
light. 1 


1 Considered .il length In Hi LHppo-Uiamei, 11 Kolloidclienue und 

riiotogiflpliic ” Th Steinkopff, DiCbUen 
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• This pi opei ty of the haloid silver salts presents many 
pioblems which can only be further elucidated by the 
study of colloidal chemical phenomena 
’ *An external change of coloui cannot be perceived on 
jm illuminated silver bromide plato; it is fiist recog- 
nisable on subsequent development with a doveloper, 
when the paits of the silvei bromulo, moie 01 less 
attacked by the ladiant cneigy, leact with corre- 
spondingly greater 01 smallor velocity. 

Through this tliore fiist appeals a visible change of 
the silver haloid , a blackening occms, lesultmg liom 
the metal and metal oxide compounds which sepaiate 

All these piocesses are only possible in a colloidal 
medium; a cliaiacteiistic adsoiption phenomenon is 
heie in question, and in combination with it stands the 
slowness of leaction of the silvei bromide, which does 
notweact dncctly to tho ladiant energy, but first mani- 
fests a gieatei icaction velocity tbiougli a de\ elopci . 

It was a substance in the colloidal state whoso appli- Bacteuo- 
cation bi ought one of tho gieatest blessings to all man- logy 
kind. Bacteria aie themselves of colloidal nature , it 
was first possible to leam moie intimately their condi- 
tions of life, when a foodstuff was found m which they 
could develop and be obtained m the greatest purity. 

The mtioduction of cultuio-gclatine, by Robeit Koch, 
rendered possible the giowth of pure cultuies, and the 
discovciy of methods to make umnjuiious these small 
bfit extrpmejy dangeious enemies of mankind. 

The chemistry of foodstuffs has much to do with Chemistry 
substances m the colloidal state , our foodstuffs come °^ oocl ' 
fiom plants ami animals, which foi the most pait con- s 11 s 
sist of colloids. Elesli, blood and brains are of colloidal 
natuie* the manufacture of carbohydrates, starch and 
doxtun, is exclusively occupied with colloidal bodies. 

Potato starcb, wheat staich and anowroot aie the 
pnncipaj representatives of this class. 

The processes m the prep.uatiou of dough and m Bakins? 
baking take placo m colloidal media; the pioto- 
plasm of yeast cells is of colloidal nature ; fei mentation 
is a process which can occur, with its chaiac tens tic 



80 


COLLOIDAL AND CRYSTALLOID AL ' 


absorption of water and swelling, only in substances jn 
tbe colloidal state. » 

In baking, tbe staicb is tiansformed into dcxti\>so 
and caiamel-like products ; the proteins undergo partial 
changes, albumins aia tvausfoiraed into the coagulated 
state, casein and fibioin unite with the swollen paiticleS 
of staicb 

When unpalatable biead results m baking, the cause 
is to be sought in the piocesses of change of colloido# - 
substances of tbe staicli, the adhesive which influences 
the goodness and taste of the biead. 

Bicwmg Beer is essentially a solution of carhohydiates, t.e., 
colloidal substances and the constituents of hops, which 
aie paitially electiolytes , the strong foam foimation 
comes about by action of the free acid m the beer, i.e., 
hydrogen ions on tho colloids , m the piocess of hiewmg, 
staicb and especially protein fiom tho giams of jaalt 
are changed into a colloidal e\tiact soluble m water. 
Tho colloids of beer, like those of clay, also adsoih 
carbon-dioxide. 1 

The law mateiials of puro beer, hops and* malt, 
develop and change in biewiug, under the action of the 
colloidal yeast piotoplasm, into numeious substances 
m the colloidal state, hop oils and lesms, staicb, 
dextiin, maltoses and albumins. 

Distil- Biandy and potato spmt distilleries also paitially 
leries, utilise substances m the colloidal state, law materials 
containing staicb, giam and potatoes; the change i»to 
further colloidal substances, dextrose, maltose and iso- 
maltose is effected by a ferment, the diastase of malt. 

In Italy, maize starch is treated ftith dilute sulphuric 
acid under 2 — 8 atmospheres piessuie* aud thereby, 
beside dextiin and iso-maltose, dextiose or grapp sugar 
is foimed, this is one of the raie processes m which a 
ciystalloid substance is foimed from substances m the 
colloidal state « 

Dames Cowfa’ milk, the initial product m daily uork*(utilisa- 
lion of milk, obtaining cieam, huttei and cheese) is of 


Cf Zt rbys Cham H>, 3, 323 
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Colloidal liable m its most important constituents, 
besides tlie cifstalloidal water, -which can be piesent up 
to JDO pei cent , inoiganic salts and the crystalloidal 
nyjk sugar, the substances piesent m the colloidal 
state aio piotems, especially casern, with some 
albumins and fats. 

In huttei -making the fats and the milk aro utilised, 
while by coagulation of the casein by acids or by a 
ffimcnt, by addition of lennet, cauls aie obtained, 
which are further woikcd up into cheese. 

Tlie elements of aitificial bnttei or margaune also are 
hugely substances m the colloidal state, animal fats 
and plant oils. 

Finally, numerous nulustiies, washing and lionmg, 
book-binding, use substances in the colloidal state, 
especially caibohj diates, potato staich, wheat staich, etc 

Dextim, which is obtained by heating staich, diy 01 
trca&d with a small quantity of acid, is likewise 
applicable m many industiics foi finishing fabncs, 
glazing papei, etc* 

This hboit glance ovei the regions of technology and Industiy 
mdustiy should make the significance of substances in 
the colloidal state in this connection sufficiently cleai , 
they appeal to be almost moie valuable for us and oui 
, civilisation, than those m the crystalloidal state , 
technology and piactice have eaiher lecogmsed and 
utilised this value than chemical, physical and physio- 
logical science, which have only lecently given their atten- 
tion to the phenomena of matter m the colloidal state. 

It is to be hoped now that light will fall fiom 
the most diffeient ssidcs on these phenomena, still 
enshiouded m*daikuess, at present a laige number 
of mve^igatoi s are occupied in this field ; it is to be 
desned that through this woik, and through a common 
activity of technology and science, significant usefulness 
and advantage wi\J be expci lcnced. 


* The significance in natuie of substances m the col- Nntuie 

loidal state has hitheito not received the attention "Ph 1 . . 

Colloids 
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Mme- which it deseives It is precisely here that nnnei'ido- 
mlogy giats and geologists have tinned tlieir fhteiest almost 
Geology exclusively to bodies in the ciystalloidal and amorplSous 
states. • > 

Yet the prosence of colloidal substances could be 
easily recognised , they occur in many dismtogiatious, 
eg, 111 those of ginmtic locks or felspais, in the 
formation of tiass m the Nette and Diokl Yalleys in the 
Rhino distuct, m the lies m Wuitembeig and m tiro 
Italiau puzzuolane; the lcsulting colloidal substances 
are tbe hydioxidos of silicon, aluminium and non. 

In a weathering reaction on a large scale m an eaihei 
penod of the eaith’s histoiy silicic acid was likcwiso 
deposited, piesumably mostly m the colloidal form In 
consequence of loweimg of tempeiutnie, the system 
pieviously in eqiuhbiium, silicate and caibon-dioMde, 
was disturbed, so that this change must follow, n^d in 
the dnection that carhon-dioxide was bound, carbonate 
was formed, while silicic acid sepaiated Tins leactiou 
also occms now, though with significantly smallei 
velocity, since the quantity of carbou-dioude in *cke an 
is veiy much diminished Rut at that tuno caibou- 
dioxide “ conoded ” granitic locks 
Further, spathic non oie uudeigoes a piocess of 
weatheung, in which feme hydioxide, a substance in < 
the colloidal Btate, finally lemams; the fenous cai- 
bonate is decomposed by the action of water, when the 
kydiogen ions of the w r atei and the caibomc acid i?ms 
combine to foim undissociated caibomc acicl, and feuous 
oxide lemams, which is then further tiansfoimcd to 
feme oxide and hydroxide. The zeolites, liydiated 
sodium aluminium sihcatos, also fuinisfi substances m 
the colloidal state on weathering, the liydi Andes of 
aluminium and silicon. 

Pstnfica- Fui tlier, piobahly these and other substances m the 
tlnns colloidal state, c q., calcium caibouatft, have given rise 
to petnfieations m this foim 

Weighty examples of substances in the gel state in. 
nature aie bauxite, tbe opal with its coloured varieties, " 
psilomelane, biown non oie and otheis, not only single 
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minerals, hist also mixtures of gols occur in tlio 
coagulated stste. The opal also occurs m naturo in 
tliejgelatinous state, likew iso aisemcal iron 010. 

.The foimatiou of mud depends on tlio action of veiy Formation 
finely divided small pai tides, with the aid of substances o£ Mud 
in the colloidal state, essentially the hydioxides of 
silicon, aluminium and non, with oiganic colloids 
lesultmg fiom plant and animal lemams 
' Firstly, all the substances m the colloidal state aio 
precipitated and deposited at suitable places. Tlio 
plasticity of river or sea mud is duo to these sub- 
stances , and it w r as this property which caused men 111 
the eailiest stages of thou cultiue to apply it m the 
manufacture ot vessels, and later to diy and burn 
them 

- By the above descubed formation of deltas the 
piesent mud deposits at the mouth of smaller aucl 
larger nveis aie to be explained. 

Colloidal substances, and indeed, again, the hydioxides 
of silicon, alumimtun and non, and those of an oiganic 
natuie,*have a much gieatei value fiom the point of 
view of agricultural cliemistiy and plant physiology 
than has been lntheito assumed 1 

They lia\e ansen in the decomposition of granitic Agucul- 
•locks, of felspars. These double silicates undergo turB ' 
hydiolysis and suffer the action of elements of the 
atmospheie, caibon-dioxide of the an and moisture, 
also the action of acids m soil, which break up the 
living plant foots and decaying plants and form fiom 
them humus substances and liumic acids, in these 
processes colloidal * silicon hydioxide, aluminium 
hydi oxide, and Iron hydioxide are foimed, while the 
alkali wUkli is simultaneously split off is transfoimed 
into caibonate. 

Staiting fiom a felspar, ortkoclase, which m its 
. purest form possesses the composition of a double 
silicate, 'the piooess of decomposition which leads to 
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substances m tbo colloidal state depends on the solu- 
tion of the soluble alkali silicate by water, and* by 
its hydrolysing action the hydi oxides of silicon *and 
aluminium are separated m a colloidal form. * t 

But if these substances m the colloidal state aie 
continually washed by watei, pure aluminium silicate 
(kaolin) frequently remains, which is no longer decom- 
posed by watei, 01 at least only slightly so , thus 
kaolin answeis m composition to the chemical formula' 
2 Si02,A1 2 0 3 ,2H20, which is valueless from an agricul- 
tural chemical point of view, but is of high technical 
significance 

Soils containing clay aie accordingly those which 
form these substances m tbe colloidal state m contact 
with water , these doteimmo the slippenness of the 
soil, they moiease the firmness of the roots of many 
plants, and are determinative for the capacity of 
absoibmg watei and for permeability . 1 * 

The more the soil contains such colloidal substances, 
the moie of these which aie preseftt m a deposited 
and coagulated state, the gieatei is the degres of its 
impermeability to water; the smaller the clay content, 
the Ibbs maiked is the capacity of taking up watei ; 
the most peuncablo soil is that free fiom clay and rich 
m sand , 

The view expressed by E. Wollny 2 and given m the 
text-book of A. Meyei , 3 “ that one and the same clayey 
soil will he moie impermeable, the closer its particles 
touch one another, and that the impermeability can be 
expressed as a resistance to filtration increased infinitely 
m consequence of the surfaces ^closely touching and 
rubbing against one anothei,’’ can Wb designated as 
superficial and enoneous ; it does not touclifthc tiue 
cause of impel meability, loi soils whose pai tides are 
closely compressed can nevertheless be permeable, i r., 
compressed quartz 1 • 

1 Cf I' Ralilaud, Zfc “ Ans dei Natur ” Colloidal substances ii 

Natme 

3 Forsclmngen au£ dem Gebiete der Agrlkulturpliysik, 1891 
5 Agrikulturcliemie, 1902. Bd II 1, Abt 
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Jl'he tlogaee of water absorption d eponds on the 
temperatuie • the absoiption of water following on 
swelling depends on a phenomenon of contraction, which 
is connected with evolution of heat. Accouling to 
the Munpertuis-van’t Hoff law' (which slates that 
v on cooling, piocesses taho place proceeding with the 
evolution of heat, while on wanning, aeactions follow 
w’hich cause a cooling ” ; if cooling sots in, piocesses 
occm which involve heat, i.r , greatei absorption of 
water, while on use of tempeiatuie the capacity of 
absoiiung watei is diminished, and on moie vigorous 
wanning shunting occurs 

Sunbeams, lam and wind, and the colloidal substances 
of soil stand m the most intimate relationships. 

Soils containing clay aio semi-permeablo m con- 
sequence of then content in colloidal substances ; they 
ponnit the passage of crystalloidal dissolved substances, 
suol? as sodium chlondo, sulphates, etc , with quite 
few exceptions, hut not those which are colloidally 
dissolved. * 

Those facts are of great significance for the growth 
of plants , for all food salts arc of crystalloidal natuie 
as fai as is known at preseut, with one exception, 
so that they diffuse without hmdiance thiongh the 
• colloidal layeis of the soil. Tho one exception is that 
tobacco plants use an alkali silicate as a cultui al liquid, 
i.r., a substance in the colloidal state. 

The colloidal substances in soils containing clay have Mamuing 
finally the flower of adsoibmg aud returning ceilain 
kinds of substances, soils containing clay adsoib dye- 
stuffs of complicate constitution, the dyestuffs and 
also the colloidal constituents of urine and fiscal matter, 
and thejbfoie essentially influence nmnuung. 

The cause of this adsoiption is to he sought m the 
stiucture of the substances m the colloidal state, w'hich 
'is to be considered as ft mesh stiuetme, a continuous 
poious ^lamework. 

Hence Meyei’s explanation 1 “that clays exort 


Wgrikulturchemie, Btl II, Abt, I 
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adsorption since they possess no definite capacity* of 
saturation foi bases on account of the ‘double nature 
of alumina ” does not appear sufficient. * 

Soils containing clay only adsorb C 0 3 " and IIOO a ' 
ions from caibonates, B1O7” completely fiom borates, 
and PO4'" ions partially fiom phosphates, as far as, and 
indeed m pioportion as, they are able to foim colloidal 
substances in contact with water. . 

It is woithy of note that, according to recent 
observations, boric acid 10ns act as “catalytic 
manuios ” , applied in the foim of bone acid they 
cause a maiked increase m the dry weight of 
plants. 

In the last processes an exchange of the kathodio 
elements occius mutually ; accoidmg to the law of 
equivalence the calcium and sodium in the silicates can 
be substituted by magnesium and potassium. „The 
significance of these substitutions, especially the 
replacement of sodium by potassn^pi, fiom a plaut- 
physiological point of view is made clear m the most 
significant way, because the potassium salts are'’ much 
more valuable foi the culture of plants than the 
sodium salts, and the latter aie completely unnecessaiy 
foi a whole numbei of growths, while potassium salts 
cannot be dispensed with. Perhaps the above described p 
adsorption is only a phenomenon accompanying this 
exchange. 

These piocesses are also of high significance for the 
question of lime and magnesia manuring, since the 
ratio betiveen lime and magnesia must be consideied 
in manui mg, because too great a quanl^ty of magnesia 
diminishes the highest yield, as too stiong lime 
manuring acts injuriously. ” 

TI10 colloidal substances m soils containing clay also 
influence the solubility of the salts contained in them. 
This point is of significance in ”* manuring with 
gypsum. 

Mammal expenments with gypsum, which have 
remained without lesult, since, in consequence of the 
condition of the soil, the amount of the calcium salts 
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neeessary lor the physiological activity of tho plant 
W'oild could not bo added, should laigely be explained 
by ax luck of cousideiation of tins point. 

‘ When swampy soils completely adsoib l’Oi'" ions, Swampy 
this piocoss depends on the picscncc of subslances m 
the colloidal stale, winch aic formed by decaying 
plants. 

The velocity of adsoiption for all these substances 
can be catnlytically acceleiated by the piesence of 
otbeis ; thus the oxidation, by absorption of oxygen 
fiorn the an, of ferrous salts contained m arable soils, 
is energetically accelerated m piesence of water or watei 
vapour 

Finally, these substances in the colloidal state binder Bfflores- 
the effloiescence and deposition of salts soluble m Limce 
water In consequence ot their stiuctuie, which is to 
be utmsidered a mesh system, nanow-celled and widely 
blanched, they can retain water and salts dissolved 
theiem longei than amoiplious and crystalloidal bodies 
can dg so. 

Dissolved salts waudei mwaids with the moistuio 
fiorn the suiface of aiablo soil, and the layeis next 
below, into the dcepei lying layeis where tlioy can still 
be leached by the deeper roots of the plants. 

The position is quite otheiwise when the soil is 
practically fiee fiorn substances m the colloidal state, 
when it is foimed of steule material, amorphous aucl 
ci ystalloidal substances only, sand, etc , on account of 
its small depth and complete drying. This is the case, 
foi example, m nmii^ paits of Egypt, and m Nanmland 
m German Wc%t Africa. 

Tben^tbe soluble salts are not canied deep down, 
but use to the suiface with the water which evapo- 
rates, and ciystallise out In Namaland these effloi es- 
cences consist of magnesium sulphate, soda, Glauber’s 
salt and other alkali salts, and m certain parts of 
Egypt these deposits weie eailier so extensive, on 
account of the veiy rapid evaporation of water, that 
tbev could be used for obtaining soda 

Necessaiy as aie these water soluble salts foi the 
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oultuio of plants, tUoy would ba quite valueless flow 
a physiological point of view if substances m Uie 
colloidal state weie not simultaneously present nqtli 
thorn in arable soil, which hindei thorn fiom efflorescing", 
without these our fields would woar shimmomig whiter 
instead of green garments, which would be caused by 
these deposits. 

On the waste declivities which surround the menu- ' 
factories at Sfcassfurt, which, free from colloidal sub- 
stances consist laigely of amorphous substances, by the 
action of dry and hot air white efflorescences of soluble 
salts appear, shining like fleshly fallen snow, only to 
disappear again with the next lam. 

If now all these processes, the formation of substances 
m the colloidal state, their coagulation and eventual 
solution, adsoiption, do not prooeed m aiablo soil with 
the exactness and completeness with which expenmeuts 
take place m the lahoiatoiy, yet they occur in the same 
sense and in the same direction in greater or smaller 
velocity, sometimes accelerated, sometimes retauled by 
other influences, such as tempeiatuie change, solar 
ladiation, etc 

Zoology. The significance of substances in the colloidal state is 
not yot exhausted , interesting relationships aie shown , 
from a zoological point of view 

Manifestly worms can move better m moist soils 
containing colloids than m amorphous and crystallofflal 
soils; hut by their activity they conti lbufce to the 
loosening of the soil and to its greater fruitfulness. 1 

But also soils rich in colloids afford a moie certain 
existence than stenle ones to other ncembeis of the 
small animal world, on account of their capacity of 
absoihmg soluble salts and retaining them longer. 

Summarising Colloidal substances determine the 
degree of permeability for watei, they have the piopeity 
of scmi-pei meability, they peimit the diffusion' of the 
colloidal food salts of plants, they letain the colloidal 


Dai win, “The fouuation of vegetable mould by the activity of 
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substances and colouring nmttois of mine and fin cal 
mailer, they emioli tlio soil with caibome ucitl and 
phaSplionc acid ions by adsoipliou, they thcicby smiul- 
ta'neously render possible the exchange of the alkaline 
oartks m silicates with the alkalies in solution, they 
influence the solubility of salts contained m and added 
to arable soil, and with all these piocosses they deter- 
mine manuring, thus the conclusion is established 
that soils containing colloids are the most 
fruitful ! 

In the foimation of wood a colloidal chemical process Foiestiy, 
can be recognised, pi mcipally taking place in two stages, 
with which some ciystallouhil chemical loactions are 
still connected . 1 

Cellulose is first formed in the youngest plaut stiuc- 
tuies as a chemically ludiffeieut suiface- or fiamewoik- 
bodf, which m the tissue and fibious stmctuies 
possesses a very great suiface 

A thickening *ud wood-formation of this surface- 
body then occuis by adsoiption and skin-formation from 
the colloidal procamhial bodies of the cambial fluid. 

Connected with this there aie chemical effeots and 
reactions m the “ Bwollen,” peiliaps paitially hydro- 
, lysed, adsoipates, ester-lormation and other condensa- 
tions are examples. 

Thus, according to the assumptions of geneial and 
selective adsorption and gel formation, lignin is a 
vanable imstuie of colloids deposited from the juices, 
especially the cambial fluid, of which pait is leveisihly, 
another part irrev^sihly, linked with the cellulose; 
a chemical conciliation is piobable only as a subsidiary 
effect. jfTkis is the idle of the important wood-foimmg 
sap. 


At n certain “period of the earth’s histoiy, which 
piobobly followed that in which, according to tlie 


1 Of H Wislieenus, Zfc 1 Chem u Ind dei Knll fi, 1, 1910. 
Colloidal chemical processes in the formation of wood, and the 
material nature of wood, and lignin 
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cosmological gas theoiy of Kant-Lamaro]^' all elome&ts 
were present as such in the gaseous state of aggiegatipu, 
presumably matter occurred frequently in the collordal 
state, since tins is simultaneously conuected wit'll 
much smaller reaction-capacity than is the case with 
crystalloxdal substances, the penods of change would be 
of much louger duration. 1 * 

Liquid There are certain cases of substances hitheito only 
Crystals ] vBO wn in the crystalline foim, to the piesent about 
thirty, m which it has been found possible to biing 
about for long periods and to obseive a state identical 
with the colloidal, befoie they aie transfoimed into the 
stable crystalline form; they show the essential dis- 
tinctions of such a state These aie the so-called 
liquid crjstals, silver iodide above 146°, ammo- 
nium oleate, cliolesteryl benzoate, p.-azo\y-pheuetol, 
p.-azoxy-emnanue ethyl ester, azoxy-bi om-cmncnmc 
ester, p. - amsol - p. - amsidme, eholesteiyl caprate, 
P -amsol-p.-amiclo-acetophenoiie, etc. * 

According to 0 Lchmauu 3 these complicated o^gauic 
compounds, at temporatuies which appioach the melt- 
mg-pomt, especially on addition of solvents, show a 
gelatinous softening of the micioscopio particles with 
a rounding of the edges, and, finally, a liquefaction 
assuming the drop foim. 

It is notewoithy that theie aie some properties 
common to ciystals m this atato and to colloids them- 
selves • 

It is substances in the colloidal state which, in oppo- 
sition to ciystolloids, show a smaller or greater capacity 
for plasticity. 8 9 

But a certain degree of plasticity has been observed 
m the so-called liquid crystals. 4 * 

Fuither, substances in the colloidal state, such as 
the hydroxides of silicon, aluminium and iron, can 

1 Cf P Rohland, Zt f Chon n Ind d Koll 1, 7 (1907) 

a Annal d, Physllc 738, 1907 , 22, 1900 

* Cf P Rohland, Zt auoig Chcm 81, 158, 1902 The plasticity of 

clay lbiil , 41, 325, 1904 The decomposition of clay 

1 Physikal Zt 7, 21, 1906 
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absorb small \jnoiphous or ciystalloidal substances, as 
clay/3 which foim these colloidal substances m contact 
with* water, 1 can ahsoih the so-called thumeis. 

This capacity of absoibmg foieign substances has 
' also been observed in the so-called liquid eiystals. 

The eharactenstic propeity of colloidal substances is, 
howevci, their great power of adsorption for dyestuffs. 2 
% This phenomenon has also been observed by 0. 
Lehmann® m liquid crystals. Liquid eiystals covei them- 
selves with a yellow layer which is far darker m colour 
than the solution itself, just as if the liquid crystals 
attract the dyestuff to themselves fiom the solution 
with considerable foice by adsorption and fix it on 
then sui faces. 

A state has accoidmgly been obseived in some groups 
of eiystals for long penods, which presumably all 
ciy similising bodies undeigo, only with the difference 
that this state, lasting for a very shoit tune, cannot 
usually be observed even with the most powerful micro- 
scope the' crystulloidal state is pieceded by a condition 
m which/ the smallest particles, like those of sub- 
stances i/h the colloidal state, are finely suspended m 
the solution ; the ciystal is then built up on these. 

# So “'the two diffeient woilds” of substances in the 
colloidal and crystalloidal state, as Giaham designated 
them; aie under ceitam conditions of identical nature. 

From these observations and conclusions the follow- 
ing uotewoi thy analogy can he drawn the evolution, 
through which the single individual substance now 
phases very rapidly jn its foimation each time, and 
, which leads fipi the colloidal to the amorphous or 
j ciystallqhlal state, in an eailiei period of the earth’B 
' histoiy, has led to the formation of that portion of 
Matter in the amoiphous or crystalloidal form, though 
at a much slowei^speed. 

The napidly completed ougmation of a crystal 

» 1 Cf P Roliland, “ Die Tone ” Publisbei A Hartlebcn, Vienna, 

1009 

a Cf P Rohland, ibid. 

8 Physical Zt 11, 45, 1910 
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individual is to be considered as a recapitulation of Ilia 
slower proceeding foimation of tins class of Matter • 
lhoKonutiL This peculiarity recalls tho principle ivlnoli is dejng- 
Lil ' v ' nated as the hiogenotic law of ontogeny and phylogeny ; 
according to it the embryo undergoes the same evolu- 
tion, hut at a moie rapid velocity, which has been 
manifested dining long periods by the evolution of the 
human race. 

Thus m moigamc and organic natuie there is a 
process which runs paiallel with one m organised 
natuie. 

It is not an unwarrantable assumption that since 
almost eveiy substance under suitable conditions, and 
with appropnate methods, can be transformed into the 
colloidal state, the pnmary stage m the essential paits 
of the eauh’s history was not the crystalloidal, but the 
colloidal ; the secondary is tho amorphous and ci/slal- 
loidal, which latter forms tho summit m the formal 
development of matter Tho colloidal, the amorphous, 
tho crystalloidal state of matter sigmtios a nse»in the 
foim, but materially the colloidal stands far higher. 
Physio- In it occur, foi tho most pait, plants and animals ; 
legy in consequence of its cell and honeycomb structure it 
can be represented as tho transition stage between 
inorganic, organic aud organised natuie ; inorganic 
substances have alicady been piepared, which are 
siimliu to the proteins . 1 # 

The colloidal state is generally eharacteiistic for 
physiological processes, eg , foi those m protoplasm, 
while substances m the ciystalloid^l state only possess 
subsidiary significance , piotoplasm represents a colloidal 
and crystalloidal solution of complicated ffcrncture 
which, by addition and concentiation change of electro- 
lytes, suffers changes in constitution For such pio- 
cesses, howevei, the above descnbftd slowness and 
incapacity of reaction of ‘crystalloidal substance^, which 
have been absoibed by those in the colloidal state, is 
of great impoitauce, reactions can heie fail which 


Dr B. tollin'!, " Beitraga zui allgemomeii Kolloidcheime.” 



STATE OE MATTER 43 

otherwise occ&i between substances m the ciystallonlal 
states while otlicis poiliaps take place ulucli cannot be 
leahSbd under ordinal y conditions. 

Tims perhaps tho account of the lhochan genius, 
Alexander von Humboldt, 1 may be taken in anothei 
sense 

As soon as the eaithwaid turned torch of gemus 
• smouldeis out, the butteifly flies upwaicls, the head of 
tbe genius sinks, young men and maidens gladly 
stretch out then hands, to follow then social mstmets. 

Without poetic language this means As soon as 
what is called “ Life ” lias vanished from matter in the 
colloidal state, the noimal reactions again set in, which 
are known between substances m the crystalloidal state 

The widest outlooks foi the most different branches Medicine 
of medicine — theiapy, pathology, balneology — open out 
m this field. 

Thus, for example, the salts in uune aequue an in- 
creased solubility partially thiongh colloidal admixtures, 
and the»se colloidal substances hare ail essential influence 
on the oiigmation of sediment or on the formation of 
mmaiy calculi 

Now the effect exerted by the urine colloid on the 
solubility of the salts depends on the pievailmg degiee 
of stability of the colloid, it remains to be examined 
whether, and to what degiee, the beneficial action of 
certain mineral wateis m calculai diseases is connected 
with the change m the unnary solubility by colloidal 
influence. It also lemams to investigate, m what way 
and to what extent, balneological therapy can influence 
the growth of ujniaiy calculi, that is to say, the com- 
bined growth of colloidal and ciystalloidal unnaiy 
substances 2 

It is also;worth considering in what way electrolytes 
or ions influence, the thickening or liquefying of the 
products of separation m the intestine, which aie 
likewise of colloidal natuie. Analogous piocesses are not 


1 •• Ausichten ilti Natur ” Bd I 

- Cf Zt f Chera a Ind dui Koll E, 1, 1909 
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excluded heie m which, like those occflfnng m cfoiys, 
definite kinds of ions would cause coagulation „and 
thickening, while others, again, would hinder tlnsf anti 
thus cause liquefaction , therapeutic means might then 
ho taken on these lines. 

The liquefying action of the SO*" ions m magnesium 
and sodium sulphates should be ascubed to the propeity 
of these salts of attiacting watei . 

Animal spermatozoa and ova, winch possess the most 
important life functions, occur m the colloidal state; 
only in it, not in the ciystalloulal, is possible that 
mutual powei of peimeation which is so wonderful in 
the lepioductive processes. 

The transference of the properties of the male and 
female individual to the embryo only appeals possible 
and imaginable when it takes place in this peculiar finely 
divided colloidal state of matter 'Whether spermatozoa 
and ova m the colloidal state aie here consideicd almost 
microscopically small or as large as a house is all one, 
objectively considered 

A parallel between the combination of the colloids of 
animal ova and the individual inorganic and oigamc 
substances m the colloidal state is found in the follow- 
ing: the transformation of such a colloid, i.c., a metal, 
sulphide sol 01 a casein solution, into the coagulated^ 
Btate can be caused by addition of elecfciolj te 

But recent observations have shown that the develop- 
ment of animal ova, e.g., of sea urchins, cun be ‘'artifi- 
cially ” caused by addition of an elcctiolyte (artificial 
paithogenesis). 


Mother of the iEneads, thou womb of *nen and 
gods, Venus, 0 thou, who poorest down cheeiful 
brightness under the moving lights on heaven, 
on the navigated sea and the fmt-bearmg earth , 
for all living existence is generated by thee to 
gaze on the rays of the sun . . I’oi thou 
alone rulest the Nature of Things , without thee 
nothing comes forth from the divine gate of 
light ” — 
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. v— thus Lucretius Carua begins his poena 

on “ The Natiue of Things.” 

■ Ouj observations and considerations on the colloidal Geueia- 
and arystalloidal states of matter lead to another snpposi- tIoa * 
tion about the “ generation of living matter.” 

If on our planet the transformation from inorganic- 
organic to oiganised, from lifeless to living, has princi- 
pally occuired m the smallest shapes of the naked 
piotoplasm, presumably this first state of bnth was m 
the colloidal medium. 

Oigamc colloidal compounds seive as the foundation 
for the formation of the first simplest organised forms ; 
their stiuctural paits, the diffcient albumins, caseins, 
caibohydi ates, only occur m nature m the colloidal state. 

We aie not only dealing heie with the arrangement of 
the atoms and molecules and with the origination of cer- 
tain jpovements, as represented by da Bois-Raymond, 1 
but we must especially considei that the state, m which 
the single moigamc and oigamc compounds occuned, 
was of the gieatest significance foi the origm of life , 
this stale was the colloidal 

We must also add that very probably catalytic pheno- 
mena should be considered m this connection. Poi 
positive catalysers are mvanably active, as observation 
Sow shows, whoie tho most remarkable phenomena take 
place, which are still shrouded m obscurity; ferments 
and enzymes, on the other hand, which are also of 
colloidal natuie, are known m physiological piocosses 
piecisely as positive catalysers 

Piobably the picture which has been sketched ofAutogeny 
spontaneous or equra&al geneiation is erroneous m its 5® cl 
essential paits, db it does not correspond to the actual geny 10 " 
phenomena which once occurred Thus the distinction b 
between aiitogeny, the formation of a simplest organised 
individual from an inorganic mother-liquid or from in- 
organic £iibstanceb, and plasmogenv, the formation of 
m oiganism fiom an organic mother-liquid or organic 
matter alieady formed fiom inorganic substances, may 
haw us from the light path. 
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This is much more likely to lead to th$, colloidal |tate 
of matter, in which both moigamc and organic substances 
are united. r „ 

The conception must now be altered, in that Ji.om 
a complex of inorganic 01 organic substance, one has 
lesnlted, a naked cell or a monad 

It is much more likely that, fiom the colloidal state 
of the combined inorganic and oigamc matter, an intei - 
mediate product was evolved under suitablo conditions, 
which was yet partially moigamc-oigamo, partially 
already oigamsed 

mggic But this mteimediate stage has perished m the 
E* st n “ f°i existence,” since its conditions of life weie 

' x,s onco extremely unfavourable , the now existing peimauent 
foims, the simplest oigauisms, such as the monad, 
have developed from it. 

It is noteworthy that Wohlei's urea synthesis (1828), 
on which too groat hopes weie once based with reference 
to the solution of the piobloui of life, was limited to a 
substance m the crystalloidal statep not to one of the 
substances m tho colloidal state, so importanWor the 
phenomena of life. In consequence of tins the hopes 
baaed on this synthesis have not been fulfilled. 

Even if mattci m the colloidal state, such as protein, 
could be artificially prcpaicd synthetically, which might 
come about accoidmg to E. Eischer’s oxpenmeuts and 
results, a fuifchor distance would have to be traversed 
for the beginning of a scientific chemistry, at piasent 
far gi eater advances must he made, but ““substances in 
the colloidal state must foirn the staiting-pomt for the 
formation of life V 

The following point must be considered m this con- 
nection: possibly the first combination of morgamo and 
organic substances m the colloidal state to an-organised 
body occuvs between pai tides of matter, which in con- 
sequence of then enormous minuteness cannot he made 
visible even with our best auvihaiy, tho ultra-nucioscope. 

This view cannot he discarded at once, since we know, 
similar phenomena. There arc impoitant small pai tides 
of matter, which aie peicerved by our senses exclusively 
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by 'their sraelf; they cannot be weighed with tlio finest 
analytical balances, even those which have been recently 
constructed, noi can they he made visible by any optical 
menjifc Yet the existence of such smallest paiticles 
cannot be doubted 

•What will be later visible with the aid of the micro- 
scope is again leflocted m the piocess of generation in 
a later stage, m which a naked protoplasm, a monad, 
finally a cell lias resulted from the inoigamc-orgamc- 
oigamsed intermediate pioduct m the colloidal state. 

These suppositions aie not new, they have been sug- 
gested in antiquity in quite a etude foim, they appear 
here, bowovei, in a much moie pi erase mannei. 

The old Greek natural plnlosopbeis held the view 
that the simpler forms of life originated from decaying 
hay, decaying dung, etc , theioforo fiom colloidal modia. 

But these very facts could point earliei to a confirma- 
tion «f these suppositions which was yet to come 

Foi it is an exponence repeatedly confirmed, that in Greek 
earlier penods of Wire an history, gieat poets, piophets Jjj’J'J™' 1 
and philosopheis liavo expiessed piesentiments, supposi- g 0 pis^" and 
fions and appio\imations, to scientific thrones, which Modem 
wero fiist lecogmsod very ranch latoi as scientific dis- 
covenes of the lust rank, or as natmal laws, which have ' X encc ' 
jaow fiist undergone exact expeiimental pioof. 

Thus the supposition of Heiaelitus of Ephesus 
(500 B c.), that the bodies then considered as elements 
dissolve in a fiery nmveisal other, is changed into the 
di&aggiegatioa theoiy of Rutheifoid and Soddy, accoid- 
mg to which the atoms spontaneously decompose m 
stages and aio transfer med into electrons, the beaiers 
of the lurainifeicgrs ethei 

The supposition of Empedocles of Agvigent (460 bo), 
accoulmg. to which fust plants, then the animals, re- 
sulted bj T generation, hut not in then present apparently 
, suitable and hannonioiis forms, foi m the stiuggle with 
the forces of nature those remained victois which were 
most advantageously formed, and theiefoie most capable 
’of life, is similar to the evolution theoiy of Lamaiok 
and Darwin, m which these suppositions are expressed 
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in amove precise foim, their more intimate causes 'are 
discovered, and experimental pioofs arc (tavanced. 

But this spontaneous generation, which appear %o 
closely hound up with the colloidal state of matter, is 
the boundary-stone between the dualistic and monistic 
> conception of the universe , neithei the materialistic 
view nor energetics can succeed without being firmly 
based here 

Both materialism and energetics must recognise 
generation as unlimitedly necossaiy, at least unless 
they do not dispense with one solid foundation. 

The dualistic view can dispense with generation, m 
that it starts out fiom the consideiation that the Divine 
Omnipotence created matter m different states and 
different composition, morgauic, organic and organised 
matter; it can assume a paiticular act of ci cation for 
each new formation 

On the other hand, the dualistic view cau briny; the 
idea of generation and that of a creating Omnipotence 
in agreement by assuming a single act of cieation of 
matter, m which already the germ ofTts future develop- 
ment was so implanted that fiom it moigame, oigamc 
and organised natnie could liencefoith develop by stages 
in different states till they leached fiuitiou in the ongi- 
nation of the first life - 

“ The feaifnl hell lings, and penotrates the blackened 
walls ; the uncertainty of earnest expectation can 
ondme no longer, the daikness already gj,ows 
light, alieady it glows like living fire in the 
innermost phial, and a clear bright light, like 
a superb carbuncle, thiowska flash through the 
darkness ” r 

But even he who is most skilled in the rfadiug of 
the futuie cannot say to what extent the monistic or 
dualistic conception should be cmbiaced — even if a 
second “ Wagner” succeeded m "composing ” organised 
living mattei “ by mixing many hundreds of substances ” 
— whether the atoms were previously “ animated ” apart' 
from inorganic matter, 01 whethei, and how, the in- 
creased eneigies, which we call Life, arose in dead matter. 
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